a s
The case of a porous medium made ofthin channels parallel to the x x -axis was consider ed in [1, 2, 3] 
INTRODUCTION
The équations describing the acoustic vibration in a porous medium, made by channels in a solid body, were obtained by using homogenization techniques [1, 3, 8, 9] . The spectral properties of the associated operator are classical in the case of a porous medium made by channels in ail directions, Le. when the fluid région is conneeted. In the case of channels in one direction, the properties of the homogenized équations are very different [1] because the waves propagate only in the direction of the channels. As a conséquence the compactness properties are lost. The same occurs in the case of parallel plane sheets which we consider hère. Certain proofs are technically cumbersome, we only give an outline which is sufficient for the logic understanding of them. Complete proofs are given in [7] ,
In the first section, we set the problem and give its variational formulation ; in the following sections we study the structure of the spectrum. S o, we shall show that :
1. a) 2 = 0 is a simple eigenvalue of the operator A associated with the coupled eigenvalue problem.
2. When il ƒ = 0 , the set of the points o> 2 which are eigenvalues of the Neumann-Dirichlet problem in any sheet located in the plane x 2 In the sequel, we shall dénote by v the outer unit normal to the curve x x = -î (* 2 , x 3 ) in its plane, and by n the outer normal to the boundary bfî f of f} f .
The équations and boundary conditions of the homogenized problem are immediately deduced from [1] , they are : [|]=o .»
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We note that (2.1)-(2.6) was wntten in ternis of a classical eigenvalue problem, î.e. for an eigenfunction u and an eigenvalue a> 2 . We shall refer to this system in the sequel even in the case when the points to 2 belong to the essential spectrum of the corresponding operator A (dohned later) for which evident modifications must be considered.
Let us define n = n p u n f u r
It is easily proved that the problem (2.1)- (2 6) is equivalent to the folio wing one :
Fmd u e V and <o E IR such that : 
where a (u, v) 
is the bihnear form defined by the left hand side of (2.8), is a Hubert space and the imbedding of V in H is dense, continuons but not compact
The associated selfadjoint operator A is defined in the domain It is well known that the spectrum cr (A) may have a somewhat complicated structure, essential spectrum ( [3] , Sects. 111,7 and IV.3), containing eigenvalues of infinité multiplicity, accumulation points of eigenvalues or a continuous spectrum. We now study the structure of that spectrum.
From the définition of the operator A, it is easily seen that co 2 = 0 is a simple eigenvalue, the corresponding eigenfunctions being u -Const.
We now searchfor eigenvalues A = co 2 Our purpose is, as in [2] , to show that the points À = w 2 are isolated eigenvalues with finite multiplicity or points of the résolvent set p (A ). To this end, we first prove that the spectral problem (2.1)-(2.6) reduces to an implicit eigenvalue problem in f2 f .
Since co 2 belongs to the résolvent set of the operator associated with the problem in each sheet, by using classical results (see [6] and for details [7] ) we have : where u% is the unique solution of ( 3 2)- (3 5 Now, we have to prove that the points o> 2 which venfy 1) are either eigenvalues of finite multiplicity or points of the résolvent set of the operator A (O f ), associated with the form a f (a> , M, V) defined by the left hand side of (3 7) This follows from Proposition V, 7 5 in [3] provided that the coerciveness of af (<o , v, v) holds at some point The property of coerciveness was proved in the case of a porous medium made of channels [2] . In the case of sheets, explicit computations were performed for particular geometries. It is the case for the problem associated with the figure 5.1 where the sheets are circular rings defined, in cylindrical coordinates, by Const. = r 0 <c r < l (z ). By writing the problem in cylindrical coordinates r, 0, z, using asymptotic expansion of Bessel functions as the index tends to infinity and Fourier expansions in L 2 {F) it is possible to prove, thanks to [5] , the coerciveness of a f . In short, whenever it is possible to give explicit solutions, the coerciveness is proved. Consequently, we can reasonably think that the form a f is al s o coercive in any case, but no technically easy to prove.
SPECTRAL STUDY OF THE PROBLEM IN 12 p WHEN <o 2 SATISFIES 2)
In this section, we consider the eigenvalue problem in Q p with
For fixed x 2 , x 2 = a 2 , let us dénote by A p (a 2 ) the operator associated with the problem in the corresponding sheet : We shall dénote by u^{x ly x 3 ) an associated eigenfunction. Our purpose is to show that <o 2 , satisfying 2), belongs to the essential spectrum o-QSS (A p ) of A p (operator associated with the problem in O p with Hf = 0 ). To this end we have to construct a Weyl séquence (Proposition IV.3.2 in [3] ).
In order to simplify the computations, we suppose that the function 2 does not depend on x 3 so, we define 2 X by e i (x 2 )^t(x 29 x 3 ). 
Then, in 12 pt we define the séquence
Now, we have still to prove that the séquence defined by (4.10) satisfies the hypotheses of the Weyl's theorem of characterization of the essential spectrum, namely : /y^1 as *-+ °° (4.11) Proof : From the previous results, if co 2 e S then o» 2 is a point of°" ess(^p)> consequently Conversely, we have Indeed, it is easily proved, by integrating in x 2 that, if co 2 £ ë, then co 2 belongs to the résolvent set p{A p ).
• Remark 4.2 : Hypothesis (4.5) is not essential, we obtain Proposition 4.1 in the gênerai case, where x x = -î (x 2 , x 3 ), by using the theory of perturbation of the boundary (see [3] , Sect. V.5).
SPECTRAL STUDY OF THE COUPLED PROBLEM WHEN
We consider now the porous medium O p in contact with the air contained in a bounded domain O f of IR 3 . We show that if co 2 is an eigenvalue of the problem in a sheet, then co 2 belongs to the cr ess (A), where A dénotes the operator associated with the coupled problem in fl. To this end, as in the preceding section, we construct a Weyl séquence.
Construction of a Weyl séquence v k
The séquence v k is obtained by means of its restrictions to O p and n f .
Construction of v k in O p :
We search for v k j n of the form
where w k is the séquence defined in (4.10) and w k a function to be defined later, such that [[t^jj = 0 on i".
Construction ofv k in f2 ƒ : We take, as restriction to f2 ^ v k | n solution of the Neumann problem in f2 j-:
which has a unique solution when a> 2 is not an eigenvalue of (5.2) More exactly, in the particular case of figure 5.1 we proved [7] 
